http://dx.doi.org/10.4014/mbl.1711. 11003 and vitamin biosynthesis [7, 8] . Increasingly, studies demonstrate pivotal roles of gut microbiota in health and disease, while roles of microbial communities to energy homeostasis and adipose tissue formation are being uncovered [4, 9−12] . Though the scientific community has reached a consensus concerning the role of gut microbiota in obesity development, the roles of specific taxa remain elusive and sometimes contradictory despite considerable research effort [9, 13] . For instance, the Bacteroidetes/Firmicutes ratio was initially proposed as an indicator of obesity, but this was later disputed [14, 15] .
Nonetheless, associations of other taxa with obese or lean phenotypes seem to be somewhat more consistent, albeit with exceptions. Abundance of Bacteroidetes is often associated with microbiota of lean people [16] with one exception [14] , whereas increased Bacteroides, Staphylococcus and Clostridium have been linked to overweight subjects [11] . Along the same lines, Faecalibacterium prausnitzii has been found in significantly increased amounts in obese children [17] . Butyrate-producing bacteria along with Bifidobacterium and Methanobrevibacter are often associated with the lean phenotype [14, 15, 18] . Recently, a mucus-residing bacterium, Akkermansia muciniphila was linked to low body weight in both rodents and humans and emerging evidence suggests that it can be used as an indicator species of healthy mucus [19] . A recent study examining 977 twin volunteers showed that Christensenella minutais associated lower body mass index [20] .
However, a notable oversight of the above-mentioned studies has been that most of them have focused on populations from the Americas and Europe with only comparably few coming from Asia. Thus, it is not yet clear how the microbiota patterns of obese adult Asian populations differ from those of obese Americans and Europeans. Though some data are available from countries such as Russia, China and Japan [21−23] , none exists for adult populations of Southeast Asia including Thailand.
Thailand is a gastronomically distinct country that has traditionally been considered a nation of "lean people". Nonetheless, this is rapidly changing: the current prevalence of overweight and obesity in Thai adults is 32.2%, which is the second highest in Southeast Asian nations [24] . This increase is concerning because Southeast Asian populations are particularly susceptible to abdominal obesity, which is related to insulin resistance. In the present pilot study we investigated the prokaryotic gut microbiota of subjects from Chiang Rai, Northern Thailand using quantitative PCR (qPCR). We used seventeen pairs of primers to quantify specific prokaryotic taxa that have been previously linked to obesity. We also examined relationships between these taxa, BMI and blood profiles.
Materials and Methods

Ethics statement
The human trials of the present study were approved by the Human Ethics Committee of Mae Fah Luang University (License approval number REH57027). Each volunteer signed an informed consent before participating in the study.
Human subjects
All volunteers were Asian and lived in Chiang Rai Province, Thailand at the time of sampling. In total, 42 volunteers participated in the study ranging from 20 to 49 years old. The volunteers had no history of acute or chronic inflammatory disease, no diarrhea episodes one month prior to sampling and had received no antibiotic treatment at least two months before sample collection. The volunteers were classified into lean, overweight and obese groups according to BMI based on the criteria of the WHO for adults <25, 25−30 and >30 kg/m 2 respectively (Table 1) .
Anthropometric measurements and metabolic variables
Height (m), weight (kg) and waist circumference (inches) were measured by standard instruments. Systolic (SBP) and diastolic blood pressure (DBP) was measured twice and the blood profiles of the volunteers were assessed. Blood samples were collected in the morning, after fasting for at least 8 hours. Levels of fasting blood sugar (FBS) and lipid profiles -total triglycerides (Tg); total cholesterol (Chol); high-density lipoprotein cholesterol (HDL-c); and low-density lipoprotein cholesterol (LDL-c) -were measured at Mae Fah Luang University Hospital medical laboratory on the day of collection. 
Stool collection and DNA extraction
Fecal samples were collected from the volunteers using sterile containers, divided in aliquots, weighed (g) and stored at −80℃. Total DNA was isolated from the samples by using the innuPREP Stool DNA Kit (Analytik Jena AG, Germany) according to manufacturer's specifications. The quantity and quality of the DNA was assessed by spectrophotometry (NanoDrop, Thermo Scientific™, USA) and gel electrophoresis. The extracted DNA samples were standardized to a final concentration of 2 ng/μl. Total genomic DNA was also extracted from pure bacterial cultures for subsequent use as qPCR standards.
Primer information
The Staphylococcus, Prevotella and Christensenella minuta sets of primers were newly designed for this study ( Table 2 ). Primers used in previous studies to detect Staphylococcus amplified the nuc gene rather than the 16S rDNA [25] . Similarly, Prevotella primers used in previous studies also amplified Bacteroides and Porphyromonas. The Staphylococcus and Prevotella pairs of primers were designed based on multiple sequence alignments of available sequences from GenBank. The species-specific C. minuta primer set was designed based on the available 16S rDNA gene (Accession number NR_112900.1). Primer specificity was checked against pooled fecal samples. Identification of amplicons was confirmed by sequencing and by performing BLAST searches against the NCBI database.
In total, the 16S rRNA gene of 17 prokaryotic taxa was amplified (Table 2 ). Primers covered conserved regions for various taxon levels ranging from the highest (total bacteria) to the lower (genus and species).
Absolute quantitative real time PCR
Gradient analysis was performed in order to optimize temperature of PCR reactions. Temperatures with specific amplification were deemed appropriate for further experiments. Gel electrophoresis was used to check size and purity of amplicons. Standard curves were established for each pair of primers by using the sequenced plasmid templates of known quantities. A set of standards was generated by making a series of five 10-fold dilutions covering the range of concentrations corresponding to the observed cycles threshold (Ct) of the samples. All the recombinant plasmid templates were bidirectionally sequenced (First Base, Malaysia). The concentration of the digested qPCR plasmid template was quantified by using gel electrophoresis and NanoDrop spectrophotometer.
Reactions for each template were carried out in triplicate. The total reaction mix for each sample was 10.0 μl containing 1X SensiFAST TM SYBR No-ROX Kit (BIOLINE, UK) Reagent mix, 100−200 nM of each forward and reverse primer and 4 ng of genomic DNA template. Reactions were run in 96-well plates in a CFX96 Touch™ Real-Time PCR Detection System (Bio-Rad, USA). Cycling conditions were as follows: a polymerase activation cycle at 95.0℃ for 2.0 min, 40 cycles of denaturation at 95.0℃ for 5 sec, annealing at the indicated Ta (Table 2 ) for 10 sec and extension at 72.0℃ for 20 sec. At the end of every run, the product specificity was assessed by melting-curve analysis after denaturation at 95.0℃ for 10 sec and slowly heating the mixture from 65.0℃ to 95.0℃ with plate readings every 0.5℃ for 5 sec. A negative control was used for every run in which 2.0 μl of dH 2 O were used instead of DNA template. For the absolute quantification, the obtained Ct 
Data normalization and statistical analyses
Statistical analyses were performed with the statistical software package version 21.0 (SPSS Inc., Chicago, IL, USA). Initially, we demonstrated the subject characteristics (independent variables) with descriptive statistics (mean, standard deviation -SD, median and range). Distribution of the data for each variable was evaluated by using the Kolmogorov-Smirnov test. Anthropometric and blood profile variables were normally distributed thus they were analyzed by parametric statistics. The exception was gender, which had non-parametric distribution and was analyzed using χ 2 test. Differences among groups were calculated using One Way ANOVA, whereas for differences between two groups Independent Sample t-test was employed. 
Results
Quantification of prokaryotic taxa in fecal samples of Thai volunteers
Waist circumference, BMI, SBP and FBS differed significantly among the three groups (Table 3) . Levels of Tg and HDL-c were higher in the obese subjects when compared to the overweight and lean volunteers respectively.
Prevalence and quantification of prokaryotic groups in lean, obese and overweight groups as determined by qPCR are depicted in Table 4 and Fig. 1 . Bacteroidetes, Firmicutes, Staphylococcus spp., Akkermansia muciniphila and methanogens were significantly higher in lean volunteers compared to the obese, whereas Ruminococcus spp., Christensenella minuta, γ-Proteobacteria and A. muciniphila were more abundant in overweight as opposed to obese individuals.
Correlation of prokaryotic microbiota to anthropometric and metabolic parameters
Significant correlations between BMI and prokaryotic components of gut microbiota are found in Fig. 2 . A detailed account of all correlations can be seen in supplementary Table S1 . Bacteroidetes, Firmicutes, Staphylococcus spp., A. muciniphila and methanogens had a significant negative correlation with BMI and waist circumference. Oscillospira and Actinobacteria were negatively correlated to cholesterol and LDL-c, both of which are indicators of obesity. In contrast, Bacteroidetes, Staphylococcus and methanogens had a positive correla- Table 3 . Blood pressure and biochemical parameters of 42 Thai volunteers. The difference of mean for each characteristic among groups was calculated using ANOVA, while the mean between groups was calculated by using Independent Sample t-test.
Blood profile
Total (n = 42) Lean (n = 21) Overweight (n = 10) Obese (n = 11) P value Mean ± SD Mean ± SD Mean ± SD Mean ± SD tion to HDL-c, a cardioprotective effect indicator.
Waist circumference, BMI, SBP and FBS differed significantly among the three groups (Table 3 ). In some cases significant differences were noted only between two groups. Specifically, levels of Tg and LDL-c were higher in the obese group when compared to the lean group. Body mass index was positively correlated to waist circumference, SBP, FBS and Tg level, but had a negative correlation to HDL-c level. Our findings corroborate previous reports in Thai [26] , and other Asian populations [27] .
Discussion
Research on the human gut microbiota has increased exponentially in the last few years and new roles in health and disease are continuously being uncovered. A consensus is now emerging that alterations of the gut microbiota are linked with several diseases including obesity [9] . Herein, we examined specific components of the prokaryotic gut microbiota from lean, overweight and obese Thai adults.
In the course of our study, the issue of the categorization of volunteers according to BMI emerged. Asian populations, including Thais, are considered lean when compared to their western counterparts. Much discussion has centered on whether a lower BMI threshold than the one officially recommended by the world health organization (WHO) should be used to define obesity in Asians [28] . This stems from reports indicating propensity of Asians to accumulate abdominal fat more than non-Asians [29] . Accumulation of this type of fat is especially concerning, as it accounts for insulin sensitivity and subsequent development of diabetes [3] . Nonetheless, an investigation on the matter of BMI led by the WHO unearthed a large degree of variation among Asians from different countries, suggesting that lowering the BMI cut-off is not warranted [30] . Interestingly, variation was noted even among populations within the same country. In the case of Thailand, for instance, urban Thais had lower BMIs than rural Thais, the latter being very similar to non-Asian values [30] . Thus, in this study, we used the international WHO standard to ensure that our data is directly comparable to data from the rest of the world. Using a lower BMI cut-off precludes comparisons with non-Asian countries making global level conclusions impossible [21] . In our study, Bacteroidetes, Firmicutes, methanogens and Staphylococcus spp., were associated with the lean phenotype. Bacteroidetes and Firmicutes dominate the gut comprising more than 90% of its microbiota [13, 31] . A shift in the abundance of these two taxa represents the most commonly reported alteration in obesity in European and North American populations [9, 10] , though this is not always the case [14, 15] . Bacteroidetes abundance has been linked with leanness and weight loss in both humans and animals [9, 10, 21, 32, 33] . Previous studies have reported that reduced levels of Bacteroidetes in obese individuals are concomitant with aberrant amounts of Firmicutes, as well as, an increase in the amount of the latter taxon during weight gain, which is in direct contrast with our finding. A few factors could account for this discrepancy. The different results could potentially reflect the use of diverse methodologies and protocols across studies. For instance, while somestudies employ next generation sequencing, others use terminal restriction fragment length polymorphism (T-RFLP) or qPCR [21, 34] . A second explanation is that there are some as yet unidentified members of Firmicutes in the Thai gut that contribute to the observed overabundance.
Contrary to many studies, we did not find any taxa that are associated exclusively with the obese phenotype, but a few were more abundant in overweight individuals. Many microbiota-related studies either do not include overweight individuals or lump them with obese [35] . Nonetheless, overweight and obesity represent two separate physiological states, whereby obesity is considered a disease and overweight is not. With this proviso in mind, we designated overweight as a separate group in our study. We found that γ-Proteobacteria, Ruminococcus spp., Christensenella minuta and Akkermansia muciniphila were significantly more abundant in overweight individuals. Though the role of γ-Proteobacteria and Ruminococcus spp. in obesity remains unclear, Christensenella minuta and Akkermansia muciniphila have both been linked to leanness and weight loss [20, 36] . Akkermansia muciniphila has also been associated with thickness of intestinal mucus and overall intestinal and metabolic health [37, 38] . The presence of a significantly higher amount of some taxa in the intermediate state (overweight) signifies perhaps the transition point between healthy and unhealthy metabolism. Therefore, these taxa could potentially be used as microbial signatures of such metabolic switches so that intervention measures can be taken. Regrettably, definitive conclusions regarding abundance of these taxa in overweight cannot be drawn since many studies do not include overweight individuals. Thus, any findings similar to ours would go unnoticed. In recent years, studies have started to explore links between microbiota and metabolic markers [39, 40] . Here, we investigated whether the taxa used in this study associate with adiposity and glucose and lipid homeostasis. Some taxa were associated with both adiposity and lipid homeostasis markers. For instance, Bacteroidetes, Staphylococcus and methanogens had a significant negative correlation to BMI and waist circumference, but were positively correlated to HDL-c level, a cardio protective effect indicator. Other taxa, such as Actinobacteria and Oscillospira showed negative correlations to total cholesterol and LDL levels, but no relationship to any of the other parameters. It is tempting to speculate that taxa exhibiting negative correlations with adiposity and lipid homeostasis markers are suitable metabolic health indicators. However, more studies with increased sample size are needed to determine such relationships in a conclusive manner.
Our pilot study represents the first investigation of the gut microbiota of Thai adults and sets a rough baseline. We found that some bacterial groups are associated with the lean phenotype, others with the overweight, while none was linked to the obese individuals. While some of our findings are similar to previous studies, we have also identified some notable differences. These alterations could reflect the uniqueness of the Thai diet and warrant further investigation, whereby nutrition will be considered. Future studies should focus on larger sample sizes from northern Thailand, as well as, the central, northeast and south. Upcoming work should also expand to include next generation sequencing and culturomics approaches to reveal the full extent of diversity of Thai gut microbiota.
